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SURFACE ACOUSTIC WAVE DEVICE 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

The present invention relates to a surface acoustic 
wave device principally for use in a communication device or 
other electronic apparatus. 

2. Description of the Related Art 

Hereinafter, a conventional surface acoustic wave 
device including a surface acoustic wave element and a 
package is described . 

The package includes a main body having an opening and 
a hollow space therein and a cover for closing the opening 
of the main body of the package. The main body of the 
package includes a substrate and at least one frame body 
provided on the periphery of the substrate. A grounding 
electrode and signal electrodes are provided on the 
substrate, and the surface acoustic wave element is fixed in 
the central portion of the substrate and the electrodes of 
the surface acoustic wave element are electrically connected 
to the grounding electrode and the signal electrodes via a 
metal wire . 

The grounding electrode is arranged to connect the 
vicinity of the middle point of each of a pair of two sides 
of the substrate that face each other and is in contact with 
the bottom surface of the surface acoustic wave element. 
Furthermore, the grounding electrode is arranged so as to 



continuously cover the outside surface and bottom surface of 
the package. An unwanted electromagnetic wave generated by 
the surface acoustic wave element or other source, is 
absorbed by the grounding electrode. Furthermore, the 
signal electrodes are extended toward the surface acoustic 
wave element from the vicinity of the middle point of each 
of the other pair of two facing sides of the substrate, and 
the signal electrodes are arranged so as to continuously 
cover the outside surface and bottom surface of the 
substrate. The signal electrodes are also located a fixed 
distance away from the surface acoustic wave element in the 
vicinity of the surface acoustic wave element on the 
substrate so as not to contact the grounding electrode. 
These signal electrodes can input an external signal to the 
surface acoustic wave element and output a signal from the 
surface acoustic wave element to the outside. 

In order to close the opening portion of the main body 
of the package, the cover is provided on the upper surface 
of the frame body. The cover and the frame body are joined 
by using an insulating joining material such as an 
insulating adhesive or fused glass, by heat. Then, in the 
bottom surface of the insulating joining material, that is, 
the whole area or a part of the upper surface of the frame 
body, a metallized electrode such as gold, is provided and 
is arranged to be conductive to the grounding electrode. As 
a result, an effect of absorbing an unwanted electromagnetic 
wave generated by the surface acoustic wave element and the 
signal electrodes can be obtained, and the inside of the 
package is electrically shielded. 

However, the contact between the insulating adhesive or 



glass used as an insulating joining material and the gold 
used as a metallized electrode is bad, and as a result, a 
gap is caused therebetween. Also, there are cases in which 
the airtight condition of the package cannot be maintained, 
and also there is a possibility that the moisture penetrated 
into the gap adversely affects the surface acoustic wave 
element. When no metallized electrode is provided, the 
surface acoustic wave device cannot be fully electrically 
shielded and accordingly, there are cases in which the 
characteristics of the surface acoustic wave device are 
worsened . 

SUMMARY OF THE INVENTION 
In order to overcome the problems described above, 
preferred embodiments of the present invention provide a 
surface acoustic wave device that is constructed such that 
when a cover and a frame body are joined, a package 
including the cover and frame body is sufficiently shielded 
and the cover is joined to the package without causing any 
gap therebetween . 

A surface acoustic wave device according to a first 
preferred embodiment of the present invention includes a 
surface acoustic wave element, and a package containing the 
surface acoustic wave element, the package including a main 
body having an opening and a hollow space therein, a cover 
provided on the upper surface of the main body of the 
package and arranged to close the opening of the main body 
of the package, signal electrodes arranged to transmit a 
signal input from outside of the package and a signal output 
from the surface acoustic wave element, and a grounding 



electrode arranged to ground an unwanted electromagnetic 
wave generated inside the package. The main body of the 
package and the cover are joined preferably by an insulating 
joining material, a metallized electrode which is located 
above the signal electrodes and is not in contact with the 
signal electrodes and the insulating joining material is 
provided at a fixed location of the main body of the package, 
and the metallized electrode is arranged to be conductive to 
the grounding electrode . 

In the surface acoustic wave device according to a 
first preferred embodiment of the present invention, because 
no metallized electrode is provided on the surface that is 
joined by the insulating joining material, a sufficient 
joining strength can be obtained. Therefore, penetration of 
moisture into the package is reliably prevented. 
Furthermore, because the metallized electrode is provided at 
a fixed location of the main body of the package so as to be 
located above the signal electrodes and so as not to be in 
contact with the signal electrodes and the insulating 
joining material, and is conductive to the grounding 
electrode such that the grounding electrode absorbs and 
grounds an unwanted electromagnetic wave, the inside of the 
package is sufficiently shielded. 

A surface acoustic wave device according to a second 
preferred embodiment of the present invention includes a 
surface acoustic wave element, and a package containing the 
surface acoustic wave element, the package including a main 
body having an opening and a hollow space therein, a cover 
provided on the upper surface of the main body of the 
package and arranged to close the opening portion of the 



main body of the package, signal electrodes arranged to 
transmit a signal input from outside of the package and a 
signal output from the surface acoustic wave element, and a 
grounding electrode for grounding an unwanted 

electromagnetic wave generated inside the package. The main 
body of the package and the cover are joined preferably by 
thermocompression bonding, a metallized electrode is located 
above the signal electrodes and is not in contact with the 
signal electrodes, the cover is provided at a fixed location 
of the main body of the package, and the metallized 
electrode is conductive to the grounding electrode. 

It is preferable that the main body and cover are made 
of an insulating material. 

In the surface acoustic wave device according to the 
second preferred embodiment of the present invention, even 
in the case of a surface acoustic wave device in which the 
cover and the main body of the package which are preferably 
made of an insulating material are joined by 
thermocompression bonding, the inside of the package is 
fully shielded in the same way as in the surface acoustic 
wave device according to a first preferred embodiment of the 
present invent ion . 

Other features, elements, characteristics and 
advantages of the present invention will become more 
apparent from the following detailed description of 
preferred embodiments thereof with reference to the attached 
drawings . 



BRIEF DESCRIPTION OF THE DRAWINGS 
Fig. 1A is a perspective view showing a surface 
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acoustic wave device according to a first preferred 
embodiment of the present invention, and Fig. IB is an 
exploded perspective view showing the surface acoustic wave 
device according to the first preferred embodiment of the 
present invention ; 

Fig. 2A is a longitudinal sectional view taken along 
line A- A 1 of Fig. 1A showing the surface acoustic wave 
device according to the first preferred embodiment of the 
present invention, and Fig. 2B is a longitudinal sectional 
view taken along line B-B 1 of Fig. 1A showing the surface 
acoustic wave device according to the first preferred 
embodiment of the present invention; 

Fig. 3A is a longitudinal sectional view showing a 
modified preferred embodiment of the surface acoustic wave 
device according to the first preferred embodiment of the 
present invention, and Fig. 3B is a longitudinal sectional 
view showing the modified preferred embodiment of the 
surface acoustic wave device according to the first 
preferred embodiment of the present invention; 

Fig. 4A is a longitudinal sectional view showing a 
modified preferred embodiment of the surface acoustic wave 
device according to the first preferred embodiment of the 
present invention, and Fig. 4B is a longitudinal sectional 
view showing the modified preferred embodiment of the 
surface acoustic wave device according to the first 
preferred embodiment of the present invention; 

Fig. 5A is a longitudinal sectional view showing a 
modified preferred embodiment of the surface acoustic wave 
device according to the first preferred embodiment of the 
present invention, and Fig. 5B is a longitudinal sectional 




- 7 - 



view showing the modified preferred embodiment of the 
surface acoustic wave device according to the first 
preferred embodiment of the present invention; 

Fig. 6A is a longitudinal sectional view showing a 
modified preferred embodiment of the surface acoustic wave 
device according to the first preferred embodiment of the 
present invention, and Fig. 6B is a longitudinal sectional 
view showing the modified preferred embodiment of the 
surface acoustic wave device according to the first 
preferred embodiment of the present invention ; 

Fig. 7A is a longitudinal sectional view showing a 
modified preferred embodiment of the surface acoustic wave 
device according to the first preferred embodiment of the 
present invention, and Fig. 7B is a longitudinal sectional 
view showing the modified preferred embodiment of the 
surface acoustic wave device according to the first 
preferred embodiment of the present invention; 

Fig. 8A is a longitudinal sectional view showing a 
modified preferred embodiment of the surface acoustic wave 
device according to the first preferred embodiment of the 
present invention, and Fig. 8B is a longitudinal sectional 
view showing the modified preferred embodiment of the 
surface acoustic wave device according to the first 
preferred embodiment of the present invention; 

Fig. 9A is a longitudinal sectional view showing a 
modified preferred embodiment of the surface acoustic wave 
device according to the first preferred embodiment of the 
present invention, and Fig. 9B is a longitudinal sectional 
view showing the modified preferred embodiment of the 
surface acoustic wave device according to the first 



preferred embodiment of the present invention; 

Fig. 10A is a longitudinal sectional view showing a 
modified preferred embodiment of the surface acoustic wave 
device according to the first preferred embodiment of the 
present invention, and Fig. 10B is a longitudinal sectional 
view showing the modified preferred embodiment of the 
surface acoustic wave device according to the first 
preferred embodiment of the present invention; 

Fig. 11A is a longitudinal sectional view showing a 
modified preferred embodiment of the surface acoustic wave 
device according to the first preferred embodiment of the 
present invention, and Fig. 11B is a longitudinal sectional 
view showing the modified preferred embodiment of the 
surface acoustic wave device according to the first 
preferred embodiment of the present invention; 

Fig. 12A is a longitudinal sectional view showing a 
modified preferred embodiment of the surface acoustic wave 
device according to the first preferred embodiment of the 
present invention, and Fig. 12B is a longitudinal sectional 
view showing the modified embodiment of the surface acoustic 
wave device according to the first preferred embodiment of 
the present invention; 

Fig. 13A is a longitudinal sectional view showing a 
modified preferred embodiment of the surface acoustic wave 
device according to the first preferred embodiment of the 
present invention, and Fig. 13B is a longitudinal sectional 
view showing the modified preferred embodiment of the 
surface acoustic wave device according to the first 
preferred embodiment of the present invention; 

Fig. 14A is a longitudinal sectional view showing a 



modified preferred embodiment of the surface acoustic wave 
device according to the first preferred embodiment of the 
present invention, and Fig. 14B is a longitudinal sectional 
view showing the modified preferred embodiment of the 
surface acoustic wave device according to the first 
preferred embodiment of the present invention; 

Fig. 15A is a longitudinal sectional view showing a 
modified preferred embodiment of the surface acoustic wave 
device according to the first preferred embodiment of the 
present invention, and Fig. 15B is a longitudinal sectional 
view showing the modified preferred embodiment of the 
surface acoustic wave device according to the first 
preferred embodiment of the present invention; 

Fig. 16A is a longitudinal sectional view showing a 
modified preferred embodiment of the surface acoustic wave 
device according to the first preferred embodiment of the 
present invention, and Fig. 16B is a longitudinal sectional 
view showing the modified preferred embodiment of the 
surface acoustic wave device according to the first 
preferred embodiment of the present invention; and 

Fig. 17A is a longitudinal sectional view of a surface 
acoustic wave device according to a second preferred 
embodiment of the present invention, and Fig. 17B is a 
longitudinal sectional view of the surface acoustic wave 
device according to the second preferred embodiment of the 
present invention . 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 
Hereinafter, preferred embodiments of a surface 
acoustic wave device according to the present invention are 
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described with reference to Figs. 1A to 17B. 

Figs. 1A, IB, 2A, and 2B show a first preferred 
embodiment of a surface acoustic wave device of the present 
invention. Fig. 1A is a perspective view showing a surface 
acoustic wave device 1, and Fig. IB is an exploded 
perspective view of the surface acoustic wave device 1. 
Furthermore, Fig. 2A is a sectional view taken along line 
A - A' of Fig. 1A, and Fig. 2B is a sectional view taken 
along line B - B ' of Fig. 1A. 

The surface acoustic wave device 1 preferably includes 
a surface acoustic wave element 2 and a package 3 that is 
made of, for example, an insulating material or ceramics and 
contains the surface acoustic wave element 2 therein. The 
package 3 includes a main body having an opening and a 
hollow space therein and a cover 8 for closing the opening 
of the main body of the package. In the present preferred 
embodiment, the main body of the package preferably includes 
a substrate 10 made of alumina or other suitable material, 
and one or a plurality of frame bodies, which has a 
substantially square shape when seen from above, provided on 
the periphery of the substrate 10. 

The surface acoustic wave element 2 is fixed 
substantially in the center of the substrate 10 by using, 
for example, a conductive adhesive (not illustrated) . 
Furthermore, the electrodes (not illustrated) of the surface 
acoustic wave element 2 are electrically connected to a 
grounding electrode 5 and signal electrodes 6 preferably via 
wire bonding using a metal wire 9 or via other suitable 
connections . 

The grounding electrode 5 is arranged so as to connect 
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the vicinity of the middle point of each of a pair of two 
facing sides on the surface of the substrate 10 on which the 
surface acoustic wave element 2 is fixed, and is in contact 
with the bottom surface of the surface acoustic wave element 
2. Moreover, the grounding electrode 5 is arranged so as to 
continuously extend over the outside surface and bottom 
surface of the substrate 10. The surface acoustic wave 
element 2 is grounded by the grounding electrode 5 such that 
the grounding electrode 2 absorbs an unwanted 
electromagnetic wave generated by the surface acoustic wave 
element 2 . 

Furthermore, the signal electrodes 6 extend in the 
direction of the surface acoustic wave from the vicinity of 
the middle point of each of the other pair of two facing 
sides of the substrate 10, respectively, and are also 
arranged so as to continuously extend over the outside 
surface and bottom surface of the substrate 10. The signal 
electrodes 6 are also located a certain distance away from 
the surface acoustic wave element 2 so as not to be in 
contact with the grounding electrode 5 in the vicinity of 
the surface acoustic wave element 2 on the substrate 10. A 
signal from the surface acoustic wave element 2 or from the 
outside can be output or input through these signal 
electrodes 6, and thus, the communication to each other can 
be achieved. 

In the present preferred embodiment, the frame body 4 
preferably includes two layers of an upper frame body 4a and 
a lower frame body 4b. Between the substrate 10 and the 
lower frame body 4b, the grounding electrode 5 and the 
signal electrodes 6 extend toward the outside surface of the 
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substrate 10 from the side of the surface acoustic wave 
element 2, respectively, and each of them further extends to 
the bottom surface of the substrate 10 through the outside 
surface. This is because the mounted circuit can be easily 
made conductive when the surface acoustic wave device 1 is 
mount ed . 

A metallized electrode 7 preferably made of gold or 
other suitable material, is provided between the upper frame 
body 4a and the lower frame body 4b so that the metallized 
electrode 7 is the embedded in the frame body 4. The 
metallized electrode 7 preferably has a substantially 
rectangular frame shape that surrounds the surface acoustic 
wave element 2 above the surface acoustic wave element 2. 
This metallized electrode 7 contacts the grounding electrode 
5 extending further toward the upper portion of the package 
3 from the outside surface of the substrate 10, and it is 
made possible to ground the metallized electrode 7. In this 
way, an unwanted electromagnetic wave is absorbed by the 
grounding electrode 5 and the inside of the package 3 is 
electrically shielded through the grounding. 

The upper frame body 4a and the lower frame body 4b are 
not required to have the same size, and, for example, the 
lower frame body 4b may be slightly protruded toward the 
surface acoustic wave element 2 . 

On the upper surface of the frame body 4, the cover 8 
made of, for example, an insulating resin, ceramics, or 
other suitable material, is arranged so as to close the 
opening portion of the main body of the package. The cover 
8 and the frame body 4 are joined by using an insulating 
joining material 15 such as, for example, an insulating 



adhesive, fused glass by heat, or other suitable material. 
More specifically, the insulating joining material 15 is 
preferably disposed on the whole area of the upper surface 

of the frame body 4 . 

Furthermore, in the first preferred embodiment, one 
metallized electrode 7 that is substantially parallel to the 
substrate 10 is provided between the upper frame body 4a and 
the lower frame body 4b, but the present invention is not 
limited thereto. If only the metallized electrode 7 is 
arranged so as to be located over the signal electrodes 6 
and not to be in contact with the signal electrodes 6 and 
the insulating joining material 15, and is in contact with 
the grounding electrode 5, the location and number of the 
metallized electrode are not restricted. 

Furthermore, the metallized electrode 7 is not required 
to be disposed over the whole area of the periphery of the 
frame body 4. If the metallized electrode 7 contacts the 
grounding electrode 5, a part of the metallized electrode 7 
may be disconnected. Furthermore, in this first preferred 
embodiment, although the frame body 4 is provided on the 
periphery of the substrate, the number of the frame bodies 4 
is not restricted and, for example, one frame body may be 
provided. Furthermore, the frame body 4 may be integrally 
formed together with the substrate 10 so as to constitute a 

single unitary member. 

Furthermore, the grounding electrode 5 and the signal 
electrodes 6 are not restricted to the above -described 
electrode patterns, and the electrodes may be modified under 
various conditions within the scope of the present invention. 

Figs. 3A to 15B show the modified preferred embodiments 
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of the surface acoustic wave device 1 according to the first 
preferred embodiment of the present invention in which 
Drawing A in each modified preferred embodiment is a 
longitudinal sectional view of a part corresponding to the 
portion along line A- A' of Fig. 1A and Drawing B in each 
modified preferred embodiment is a longitudinal sectional 
view of a part corresponding to the portion along line 
B-B' of Fig. 1A. For example, as shown in Figs. 3A, 3B, 11A, 
and 11B, a metallized electrode which is substantially 
parallel or substantially perpendicular to the substrate is 
embedded in one frame body. As shown in Figs. 3A to 5B, and 
7A to 8B, the grounding electrode 5, extending upward on the 
inner surface of the frame body or via a through-hole (not 
illustrated) provided inside the frame body 4, is conductive 
to the metallized electrode 7. As shown in Figs. 6A to 8B, 
a plurality of metallized electrodes 7 that are 
substantially parallel to the substrate 10 are provided. As 
shown in Figs. 9A to 13B, one or a plurality of metallized 
electrodes 7 that are substantially perpendicular to the 
substrate 10 are provided. As shown in Figs. 14A to 15B, a 
metallized electrode 7, which is substantially parallel to 
the substrate 10, and a metallized electrode 7, which is 
substantially perpendicular to the substrate 10, can be 
connected in combination to the grounding electrode 5. 

Moreover, in this first preferred embodiment, the 
grounding electrode 5 and the signal electrodes 6 were made 
conductive via wire bonding, but the present invention is 
not limited to this. As shown in Fig. 16A which is a 
longitudinal sectional view of a part corresponding to the 
portion along line A-A' of Fig. 1A and Fig. 16B which is a 



longitudinal sectional view of a part corresponding to the 
portion along line B-B' of Fig. 1A, metal bumps 20 are 
provided between the bottom surface of the surface acoustic 
wave element 2 and the grounding electrode 5 and between the 
bottom surface of the surface acoustic wave element 2 and 
the signal electrodes 6. Thus, the surface acoustic wave 
element 2 is electrically conductive to the grounding 
electrode 5 and the signal electrodes 6, such that face down 

bonding may be used. 

Figs. 17A and 17B are longitudinal sectional views 
showing a surface acoustic wave device 11 according to a 
second preferred embodiment of the present invention in 
which the cover 8 and the frame body 4 are joined by 
thermocompression bonding. Fig. 17A is a longitudinal 
sectional view of a part corresponding to the portion along 
line A-A' of the surface acoustic wave device of Fig. 1A, 
and Fig. 17B is a longitudinal sectional view of a part 
corresponding to the portion along line B-B' of the surface 
acoustic wave device of Fig. 1A. Moreover, as the component 
of each part is substantially the same as that in the 
surface acoustic wave device 1 of the first preferred 
embodiment, the common part is given the same reference 
numeral and its description is omitted. 

As shown in Figs. 17A and 17B, when both the cover 8 
and the frame body 4 are made of an insulating resin, they 
may be joined by thermocompression bonding without using the 
insulating joining material 15. Moreover, in Figs. 17A and 
17B, the package 3 shown in Figs. 1A to 2B is preferably 
constructed via thermocompression bonding, but the present 
invention is not restricted to this, and the location and 



number of the metallized electrodes 7, the number of the 
frame bodies 4, the bonding method, and other factors, can 
be modified by applying the contents described in the above 
first preferred embodiment correspondingly. 

As described above, according to various preferred 
embodiments of the present invention, because no metallized 
electrode is joined by the insulating joining material, a 
much greater and reliably sufficient joining strength can be 
obtained. Therefore, the penetration of the moisture into 
the package is reliably prevented. Furthermore, because the 
metallized electrode which is provided at a fixed location 
of the main body of the package so as to be located above 
the signal electrodes and not to be in contact with the 
signal electrodes and the insulating joining material and 
which is made conductive to the grounding electrode so that 
the grounding electrode absorbs and grounds an unwanted 
electromagnetic wave, the inside of the package can be 
sufficiently shielded. 

Furthermore, according to preferred embodiments of the 
present invention, even in the case of a surface acoustic 
wave device in which the cover and the main body of the 
package made of an insulating material are joined by 
thermocompression bonding, the inside of the package can be 

fully shielded. 

While the present invention has been particularly shown 
and described with reference to preferred embodiments 
thereof, it will be understood by those skilled in the art 
that the foregoing and other changes in form and details can 
be made without departing from the spirit and scope of the 
invention . 



